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ABSTRACT
We describe a D–brane inflation model which consists of two fractional D3
branes separated on a transverse T 2 × K3. Inflation arises due to the resolved
orbifold singularity ofK3 which corresponds to an anomalous D–term on the brane.
We show that D–brane inflation in the bulk corresponds to D–term inflation on
the brane. The inflaton and the trigger field parametrize the interbrane distances
on T 2 and K3 respectively. After inflation the branes reach a supersymmetric
configuration in which they are at the origin of T 2 but separated along the K3
directions.
∗ e–mail address: vhalyo@stanford.edu
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1. Introduction
The most promising way to obtain inflation[1-3] in string theory seems to be by
D–brane inflation[4]. In this scenario, inflation occurs on D–branes due to their slow
motion in the bulk which arises from weak interbrane potentials. Generically, the
inflaton is the distance or the angle between two D–branes. There have been many
attempts to construct models of D–brane inflation[4-13]. Unfortunately, some of
the most interesting models do not (and probably cannot) have compactified extra
transverse dimensions and therefore are not realistic[8,10]. Other models with
compactified extra dimensions are quite complicated and not easy to analyze[11].
In this letter, we construct a very simple model of D–brane inflation on frac-
tional D3 branes[15]. We consider a D3 brane tansverse to K3×T 2 where the K3
is smooth. However, consider the K3 first to be in its orbifold limit, T 4/Z2. Near
one of the 16 fixed points of K3, the relevant geometry that the D3 brane feels is
the ALE space R4/Z2. The Z2 moding requires the presence of an image D3 brane
with R4 coordinates opposite to those of the original D3 brane. As long as the
brane and its image are away from the orbifold fixed plane they cannot move on
the T 2. On the other hand, if the brane and its image are stuck at the fixed point
they can move independently on the transverse T 2. They then become fractional
D–branes with half the charge and tension of a regular D3 brane. This state is
supersymmetric; in fact it belongs to the Coulomb branch of the field theory on
the fractional branes. Therefore, there is no potential between the two fractional
branes. We can break supersymmetry and lift the Coulomb branch by blowing
up the orbifold singularity. We simply replace the singularity by a small sphere
(P 1) whose radius is a modulus. As a result, there is a potential between the two
fractional D3 branes and they start moving slowly towards each other on the T 2.
This motion corresponds to inflation on (either one of) the fractional branes. In-
flation ends when the branes are close enough so that the slow–roll conditions are
violated. While the branes approach each other on the T 2 they start to separate
in the T 4/Z2 directions (because the fields that describe the motion in these direc-
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tions become tachyonic). The final configuration is supersymmetric and given by
the branes at the same point in T 2 (origin of the Coulomb branch) but separated
on the T 4/Z2 (on the Higgs branch).
On the fractional branes, the above scenario is described by D–term infla-
tion. The resolution of the orbifold singularity corresponds to the introduction
of an anomalous D–term on the brane world–volume where the magnitude of the
anomalous D–term is fixed by the radius of the blown up P 1. The interbrane
distance along the T 2 directions corresponds the the inflaton whereas that along
the T 4/Z2 directions corresponds to the trigger field. In this letter, we analyze
the above model on the brane world–volume and show that D–brane inflation in
the bulk corresponds to D–term inflation[16,17] on the brane. Due to the N = 2
supersymmetry of the system, the brane world–volume description is equivalent
to the bulk description of two fractional branes approaching each other. Since the
branes can move only on the T 2 the bulk potential is logarithmic which agrees with
the logarithmic potential generated in D–term inflation due to one–loop effects.
The main advantages of our D–brane inflation model are its simplicity and
the fact that it has compact transverse dimensions. These are due to the ab-
sence of higher dimensional branes in the model such as the D6 brane that is
present in Hanany–Witten configurations[8,14]. These higher dimensional branes
make simple compactifications very difficult if not impossible. Models with D7-D3
branes[11] can be compactified but they are quite cumbersome due to conditions
arising from the presence of the D7 branes. In our model we have only D3 branes
because we can break supersymmetry and obtain inflation by deforming the back-
ground, i.e. blowing up the orbifold singularity. This relation between the resolu-
tion of a singularity in the background geometry and the origin of inflation is very
intriguing.
This letter is organized as follows. In section 2, we biefly review D–term
inflation. In section 3, we describe our brane inflation model in terms the fractional
D3 brane world–volume theory and show that it corresponds to D–term inflation.
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The last section includes a discussion of our results and our conclusions.
2. D–term Inflation
In this section we briefly review D–term inflation[16-19] which requies two
fields: the inflaton and the trigger field. The generic potential is
V (φ1, φ2,Φ) = λ
2(|φ1|2 + |φ2|2)|Φ|2 + λ2|φ1|2|φ2|2 + g2(|φ1|2 − |φ2|2 − ξ)2 (1)
Here the inflaton and the trigger field are Φ and φ1 respectively. In addition to
the Yukawa terms (with coupling λ) the potential contains an anomalous D–term
ξ which is the origin of inflation. Note that there is no inflaton mass at tree level;
a small nonzero inflaton mass arises from one–loop effects and drives inflation.
Now let us assume that the initial conditions are given by Φ >> ξ > φ1, φ2.
Then φ1,2 have large masses and settle very quickly to the minimum of their po-
tential at φ1 = φ2 = 0. In this configuration, supersymmetry is broken due to the
anomalous D–term. As a result, there is a one–loop potential
V1−loop = g
2ξ2
(
1 +
g2
16π2
log
λΦ
MP
)
(2)
which leads to a small inflaton mass
m2Φ = ξ
2 g
4
16π2
1
Φ2
(3)
Due to this small mass, the inflaton rolls down its potential slowly which results
in inflation. Inflation ends when Φ reaches a critical value Φ = Φc at which the
slow–roll conditions are violated. Later, when Φ2 < Φ2c = 2g
2ξ/λ2, the trigger field
becomes tachyonic; φ1 = 0 becomes a local maximum and the trigger field starts
rolling down to its new minimum at φ2
1
= ξ. The final state of the system is given
by Φ = 0 and φ1 =
√
ξ which is supersymmetric.
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In order to be realistic, our model of D–brane inflation has to satisfy the
WMAP constraints[20]. First and foremost, the slow–roll constraints given by
0 < ǫ1 < 0.022 and −0.06 < ǫ2 < 0.05 have to be satisfied. Here ǫ1 = ǫ and
ǫ2 = 2(ǫ− η) which are defined by the slow–roll parameters
ǫ =
M2P
2
(
V ′
V
)2
(4)
and
η =M2P
(
V ′′
V
)
(5)
Inflation occurs when ǫ, η << 1 and ends when at least one of them becomes
of O(1). Our model also has to produce the correct amount of scalar density
perturbations; 18.8× 10−10 < As < 24.8× 10−10 where
As =
H2
8π2M2P ǫ1
(6)
As is related to the magnitude of density perturbations by δρ/ρ ∼ A2s. The ratio of
the amplitudes for the tensor and scalar perturbations must satisfy 0 < R < 0.35
where R ∼ 16ǫ1. The scalar and tensor spectral indices which parametrize the
deviations from scale invariant perturbations are constrained by 0.94 < ns < 1.02
and −0.044 < nt < 0 where
ns ∼ 1− 2ǫ1 − ǫ2 nt ∼ −2ǫ2 (7)
In addition, the models must result in about 60 e–folds of inflation
N =M−2P
∫
V
V ′
dφ ∼ 60 (8)
Using the total potential given by eqs. (1) and (2) we find for the slow–roll
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conditions
ǫ1 =
g4
2(16π2)2
M2P
Φ2
ǫ2 =
2g2
(16π2)2
M2P
Φ2
(1 + g2) (9)
The number of e–folds is given by
N =
16π2
g2M2P
(Φ2i − Φ2c) (10)
where Φi,Φc are the initial and critical values of the inflaton field respectively. The
magnitude of scalar density perturbations is
As =
64π2
g2
ξ2Φ2
M6P
(11)
3. D–Brane Inflation as D–term Inflation on Fractional Branes
In this section, we describe our D–brane inflation model which realizes infla-
tion on fractional D3 branes. We consider a D3 brane (along directions 0, 1, 2, 3)
transverse to K3× T 2 where the K3 is taken to be at its orbifold limit, i.e T 4/Z2.
We assume that the D3 brane is close to the orbifold singularity and therefore the
space that it sees is ALE×T 2 where the ALE space is given by the orbifold R4/Z2.
We take the T 2 and R4 to be along the 4, 5 and 6, 7, 8, 9 directions respectively.
We also define for simplicity the complex planes s = X4 + iX5, u = X6 + iX7 and
v = X8+ iX9. Due to the Z2 moding, the D3 brane at any point on the ALE space
has an image with the opposite R4 coordinates. In addition to moving on R4, the
brane (and its image) can be stuck at the fixed point of the orbifold, u = v = 0.
In this case, the brane and its image are free to move independently on the T 2
along the s direction. It is well–known that then we get two fractional D3 branes
with half the charge and tension of a regular D3 brane[15]. These factional branes
can also be described as D5 branes wrapped around a two sphere (P 1) with zero
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radius[21]. The nonzero tension of the fractional branes is due to the nonzero flux
of the B field through this vanishing cycle.
TD3 =
1
(2π)6gsℓ6s
∫
S2
√
detB =
1
2(2π)4gsℓ4s
(12)
where we used the fact that the B–flux through the vanishing sphere is (2πℓs)
2/2.
The configuration that we described above is supersymmetric and therefore there is
no force between the fractional branes. However, supersymmetry can be broken by
resolving (blowing up) the orbifold singularity i.e. by replacing the singular point
at u = v = 0 by a sphere (P 1) with nonzero radius. As a result, the background
becomes a smooth Eguchi–Hanson space. In this new background, there is an
attractive potential between the fractional branes which leads to inflation.
We now analyze the above scenario on the world–volume of one of the fractional
D3 branes. The field theory on a D3 brane transverse to R4/Z2 × T 2 is given by
an N = 2 supersymmetric U(1)1 × U(1)2 gauge theory with two hypermultiplets
φ1,2 with charges (1,−1) and (−1, 1) respectively[15]. The gauge fields arise from
the excitations of strings with both ends on the same (fractional) brane in the
X0, X1, X2, X3 directions. The scalar fields in the gauge multiplets arise from the
excitations of the same strings along the X4, X5 directions. The hypermultiplets
arise from the excitations of strings which connect the brane with its image in
the X6, X7, X8, X9 directions. One combination of U(1)’s gives the center of mass
motion and is not interesting. Thus, we will consider the U(1) gauge group (and
the corresponding scalar) which is given by the difference between the two original
ones, (1/2)[U(1)1−U(1)2]. Under this group the hypermltiplets have charges of 1
and −1 respectively. φ1,2 together with the scalar coming from the gauge multiplet
(which we denote by Φ) describe the relative positions of the D3 brane and its
image in the transverse directions. In particular, Φ gives the relative position of
the branes on the s plane (4, 5 directions) whereas φ1,2 parametrize the relative
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position on the u and v planes (6, 7 and 8, 9 directions) respectively. We can write
Φ =
X4 + iX5
2πℓ2s
φ1 =
X6 + iX7
2πℓ2s
φ2 =
X8 + iX9
2πℓ2s
(13)
The superpotential is fixed by the N = 2 supersymmetry to be
W (Φ, φ1, φ2) = gΦφ1φ2 (14)
Note that, due to the N = 2 supersymmetry the Yukawa coupling is equal to the
gauge coupling given by
1
g2
=
e−φ
(2π)3ℓ2s
∫
S2
√
det(G +B) =
1
4πgs
(15)
where φ is the space–time dilaton and S2 is the sphere with vanishing radius
at the orbifold fixed point. Together with the D–term contribution the above
superpotential leads to the scalar potential
V (φ1, φ2,Φ) = g
2(|φ1|2 + |φ2|2)|Φ|2 + g2|φ1|2|φ2|2 + g2(|φ1|2 − |φ2|2)2 (16)
We see from the above potential that the moduli space (or the space of brane
configurations) has two branches: the Coulomb branch with φ1,2 = 0 and Φ 6= 0 in
which the fractional branes are separated in the s direction and the Higgs branch
with Φ = 0 and φ1, φ2 6= 0 in which the branes are separated in the u, v directions.
Now let us take the two fractional branes to be on the Coulomb branch, i.e. at
u = v = 0 but with s 6= 0. We note that this is not strictly necessary as an initial
condition. If the initial state is one in which the two branes are separated by a
large distance on both T 2 and K3, the branes will reach the fixed point u = v = 0
very fast which agrees with the evolution in D–term inflation. We can blow up the
orbifold singularity at u = v = 0 by replacing this point with a two sphere of finite
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radius, R. When the ALE orbifold singularity is replaced by a P 1 the geometry is
described by the Eguchi–Hanson space[22] with the metric
ds2 =
(
1−
(
R
r
)4)−1
dr2+r2
(
1−
(
R
r
)4)
(dψ+cosθdφ)2+r2(dθ2+sin2θdφ2)
(17)
This is a smooth ALE space with a global Z2 identification (just like R
2/Z2). The
point r = R is a coordinate singularity if the angle ψ has a period of 2π rather than
the more natural 4π. Near R, the space looks like R2rψ × S2θφ. The S2 is of radius
R and corresponds exactly to the blown up sphere that replaced the orbifold fixed
point.
The resolution of the singularity breaks supersymmetry and lifts the Coulomb
branch. The only remaining supersymmetric configuration is the one with both
branes at s = 0 and separated along the K3 directions. This means that the
fractional branes feel an attractive potential. In our model, from the bulk point
of view, the resolution of the singularity is the origin of brane inflation. The
two fractional branes move slowly towards each other which results in D–brane
inflation. After inflation ends, the final state is given by the branes at the origin
of the s plane but separated in the u direction, i.e. on the Higgs branch.
In the brane world–volume theory, blowing up the orbifold singularity at u =
v = 0 corresponds to the addition of an anomalous D–term ξ to the scalar potential
in eq. (16)[23]. This is easy to see since the presence of this term eliminates the
origin of the Higgs branch φ1 = φ2 = 0 (which corresponds to the fixed point)
as required. To be precise, due to the N = 2 supersymmetry the resolution
of the singularity gives three anomalous D–terms, ξ1,2,3 which form an SU(2)
triplet. However, we can always choose the anomalous D–term to be one particular
component by an SU(2) rotation. Thus the potential now becomes
V (φ1, φ2,Φ) = g
2(|φ1|2 + |φ2|2)|Φ|2 + g2|φ1|2|φ2|2 + g2(|φ1|2 − |φ2|2 − ξ)2 (18)
which is the potential for D–term inflation. Due to supersymmetry breaking during
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inflation, there is a one–loop potential for the inflaton which is logarithmic as in
eq. (2). This is exactly what one would expect from the bulk point of view
since the fractional D3 branes can move only in two dimensions. In fact, N = 2
supersymmetry guarantees that the bulk result agrees with the one obtained on
the world–volume. The reason is string channel duality for highly supersymmtric
(i.e. N = 2) configurations which states that one loop open string (gauge theory)
results must agree with the tree level closed string (gravity) results.
In order to complete the bulk–brane dictionary given by eqs. (13) and (15) we
need to express the anomalous D–term in terms of the string variables. This can
be done by equating the extra energy due to ξ in the scalar potential to the energy
of a D5 brane wrapped on the blown–up orbifold singularity with radius R. (We
remind that the fractional D3 brane can be seen as a D5 brane wrapped on the
vanishing sphere.) Thus we have
g2ξ2 = TD5AS2 =
4πR2
(2π)6gsℓ6s
(19)
which gives
ξ =
1
4π2gs
R
ℓ3s
(20)
Inflation ends when the the branes are close enough so that the slow–roll con-
ditions are violated, i.e. ǫ ∼ 1 or η ∼ 1. Later, when the branes are closer than
s <
√
2Rℓs/gs, the trigger field φ1 becomes tachyonic. This means that there is
an instability in the u direction. The branes start to separate on the u plane until
they reach the minimum of their potential at φ1 =
√
ξ. Note that in our model the
tachyonic instability causes a separation of the two fractional branes rather than
their collapse on top each other. As a result, the final state is a very simple one,
i.e. two branes separated by a distance of
√
Rℓs/gs in the u direction as opposed
to branes within branes.
Using the bulk–brane dictionary given by eqs. (13), (15) and (20) and M2P =
L6/g2sℓ
8
s where L denotes the common radius of T
2 ×K3 directions we can obtain
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the WMAP constraints in terms of the string parameters. The strongest constraint
on the initial distance between the branes (in the s direction) arises from eq. (8)
which gives Φi/MP ∼ 0.3 (assuming gs ∼ 1/2) or siℓ2s/L3 ∼ 1. Using this relation
we find that ǫ1 ∼ 10−5 and ǫ2 ∼ 10−4 which are very small. This is a generic result
in D–term inflation due to the one–loop inflaton potential which is proportional
to (g2/16π2). From eq. (7) we find that the scalar and tensor spectral indeces
are ns = 1 and nt = 0 up to O(10
−4). Thus the model predicts scalar and
tensor perturbations which are very nearly scale invariant. The magnitude of the
anomalous D–term or the blow up radius R is fixed by the correct amount of
scalar density perturbations. From eqs. (11) and (20) we get ξ/M2P ∼ 10−11 or
Rℓ2s/L
3 ∼ 10−5.
4. Conclusions and Discussion
In this letter, we described a D–brane inflation model on fractional branes. We
considered a D3 brane and its image on T 2 ×K3. When the branes are stuck at
one of the fixed points of K3 they can move independently on the T 2. Supersym-
metry of this configuration (the Coulomb branch) can be broken by resolving the
singularity and replacing the orbifold by an Eguchi–Hanson space. This results in
an attractive logarithmic potential between the branes which move slowly towards
each other on the T 2. Inflation corresponds to this motion. On the brane world–
volume, this scenario is described by D–term inflation in which the inflaton and
the trigger field correspond to the interbrane distances on the T 2 and K3 respec-
tively. On the brane, there is a one–loop inflaton potential which is logarithmic.
This agrees with the bulk description of D–brane inflation since the branes can
only move in two dimensions (on the T 2). We also obtained a complete bulk–
brane dictionary and showed that the string parameters can satisfy the WMAP
constraints.
Our analysis of the model was based completely on the brane world–volume
theory, i.e. D–term inflation. As we noted, due to the N = 2 supersymmetry bulk
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results must agree with those on the brane. However, the direct bulk calculation of
the interbrane potential is quite complicated even though the evolution of the two
branes in the bulk is conceptually clear. Usually, using supergravity, the potential
is obtained by substituting the metric and dilaton generated by one brane into the
world–volume action of the other one. In our case, this is not easy to do since
we need to include the Eguchi-Hanson metric of the background. Alternatively, a
one–loop open string calculation between the two branes s complicated by the fact
that the space between the branes is not flat. It would be nice if the bulk interbrane
potential can be obtained explicitly and shown to agree with our results.
The advantage of our model is its simplicity and the fact that it has compact
transverse dimensions. As mentioned in the introduction, these are related to the
fact that the model does not contain any higher dimensional branes. We note that
the our pair of branes is not intrinsically unstable like D-D¯ pairs which have to
annihilate at the end of inflation. In D–brane inflation models with two branes
of different dimensions, at the end of inflation the branes in question end up in
the Higgs phase where they become fluxes, instantons etc. In our model, the final
state is much simpler given by the two branes separated by a finite distance in the
v direction. The origin of inflation in our model is the resolution of the orbifold
singularity which is an effect of the background geometry. This is to be contrasted
with other models in which the origin of inflation is a small deviation from a
supersymmetric brane configuration such as branes at small angles or with small
fluxes.
We considered above only the simplest orbifold singularity possible, i.e. T 4/Z2.
The orbifold group can be generalized to any Zn or maybe to more complicated
orbifolds. In the T 4/Zn case, there will be n fractional branes falling towards
each other. D–brane inflation along the lines of our model can arise on any one
of them. The world–volume field theory on these fractional branes is a quiver
theory[26], i.e U(1)n with hypermultiplets in the bi–fundamental representations.
Resolving the singularity replaces the orbifold with a gravitational instanton or
Gibbons–Hawking space[25]. On the branes, this corresponds to the addition of an
11
anomalous D–term for each one of the U(1)’s. D–brane inflation can be obtained
by considering any two of the adjacent U(1)’s which effectively reproduces our
model.
Any model of inflation can also be considered a model of quintessence[26,27]
for a different range of parameters. In our case, we would obtain quintessence on
a D–brane[28] if g2ξ ∼ 10−60M2P or using eqs. (15) and (20) Rℓ5s/L6 ∼ 10−60.
This can be satisfied by an extemely small blow–up radius R ∼ 10−60ℓs with
ℓ−1s ∼ 1018 GeV . Of course, this is extreme fine–tuning which is expected from
any configuration that accomodates the observed nonzero cosmological constant.
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